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We have performed polarized Raman scattering measurements on WTe 2 , for which an extremely 
large positive magnetoresistance has been reported recently. We observe 5 Ai phonon modes and 2 
A 2 phonon modes out of 33 Raman active modes, with frequencies in good accordance with first- 
principles calculations. The angular dependence of the intensity of the peaks observed is consistent 
with the Raman tensors of the C 2 V point group symmetry attributed to WTe 2 . Although the phonon 
spectra suggest neither strong electron-phonon nor spin-phonon coupling, the intensity of the Ai 
phonon mode at 160.6 cm“^ shows an unconventional decrease with temperature decreasing, for 
which the origin remains unclear. 

PACS numbers: 74.70.Xa, 75.47.De, 74.25.Kc 


Giant magnetoresistance is at the core of several im¬ 
portant applications, notably for the storage of informa¬ 
tion. The recent discovery of extremely large positive 
magnetoresistance (XMR) in layered WTe 2 [J triggered 
sudden interest for this material. In particular, the non¬ 
saturating XMR in WTe 2 has been attributed to per¬ 
fectly balanced electron-hole populations BE]: similar 
as in pure bismuth and graphite B Si- Interestingly, 
this effect is strongly affected by external pressure [5|, 
and pressure-induced superconductivity has even been 
reported BE], which questions the importance of the 
interactions between the electronic structure and the lat¬ 
tice in WTe 2 , and offers additional possibilities for devel¬ 
opment of devices. Unfortunately, literature still lacks of 
report on the dynamical properties of the lattice in this 
system. 

In this letter, we use Raman scattering spectroscopy 
to characterize the phonons of WTe 2 single-crystals. We 
observe 7 out of 33 Raman active modes, with frequencies 
in good accordance with our first-principles calculations. 
The angular dependence of the Raman intensity of these 
modes is consistent with their symmetry assignments in 
terms of the C 2 V point group symmetry of WTe 2 . In con¬ 
trast to our expectation, none of the phonons observed 
shows evidence for an electron-phonon coupling. How¬ 
ever, the intensity of a Ai phonon peak at 160.6 cm“^ 
exhibits an unusual decrease upon cooling, whose origin 
remains unclear. 

The WTe 2 single crystals used in our Raman scattering 
measurements were grown by solid-state reactions. The 
resistivity of the samples was measured with a Quantum 
Design physical properties measurement system (PPMS). 
The crystals were cleaved in air to obtain flat surfaces and 
then transferred into a low-temperature cryostat ST500 
(Janis) for the Raman measurements between 5 and 300 
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K with a working vacuum better than 8 x 10“^ mbar. 
Raman scattering measurements were performed using 
a 514.5 nm excitation laser in a back-scattering micro- 
Raman configuration, with a triple-grating spectrometer 
(Horiba Jobin Yvon T64000) equipped with a nitrogen- 
cooled GCD camera. In this manuscript, we define x and 
y as the directions along the a axis (W-W chains) and 
b axis, respectively, x' and y' are oriented at 45° from 
the X and y. The 2 ; direction corresponds to the c axis 
perpendicular to the W-Te planes. 

The WTe 2 crystal structure is characterized by 
the space group Pmn2i (C^^, No.31) [S]. A sim¬ 
ple group symmetry analysis B indicates that the 
phonon modes at the Brillouin zone (BZ) center decom¬ 
pose into [llAi-|-6A2-l-5Bi-|-llB2]-l-[llAi-|-5Bi-|-llB2]-l- 
[A 1 -I-B 1 -I-B 2 ], where the first, second and third terms rep¬ 
resent the Raman-active modes, the infrared(IR)-active 
modes and the acoustic modes, respectively. To get es¬ 
timates on the phonon frequencies, we performed first- 
principles calculations of the phonon modes at the BZ 
center in the framework of the density functional pertur¬ 
bation theory (DFPT) [10], using the experimental lat¬ 
tice parameters a = 3.496 A,b = 6.282 A and c = 14.0730 
A. The Wyckoff positions of all the atoms are 2a. For 
all calculations, we used the Vienna ab initio simulation 
package (VASP) [H] with the generalized gradient ap¬ 
proximation (GGA) of Perdew-Burke-Ernzerhof for the 
exchange-correlation functions m- The projector aug¬ 
mented wave (PAW) [ 13 ] method was employed to de¬ 
scribe the electron-ion interactions. A plane wave cutoff 
energy of 520 eV was used with a uniform 9x9x9 
Monkhorst-Pack fc-point mesh for integrations over the 
BZ. The frequencies of the phonon modes were derived 
from the dynamical matrix generated by the DFPT 
method. The calculated frequencies and the experimen¬ 
tal phonon modes are given in Table 

In Fig. [^a), we show the temperature-dependent re¬ 
sistivity of our WTe 2 samples under various applied mag¬ 
netic fields {H up to 12 T). In agreement with previous 
reports mm. the magnetoresistance at low temperature 
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FIG. 1. (Color online). Temperature and field dependence 
of the XMR in WTe 2 , with the current parallel to a and H 
parallel to c. (a) Normalized resistivity (at 300 K and 0 T) 
as a function of temperature, for different magnitudes of the 
magnetic field. The labels above the curves correspond to the 
applied field in teslas. Inset: XRD data, showing high single¬ 
crystal quality, (b) Magnetoresistance of WTe 2 at different 
temperatures. 


is extremely large, corresponding to an increase factor 
reaching 4538 at 2 K in a field of 12 T. In Fig. [^b), 
we show the field dependence of the XMR at various 
temperatures. Shubnikov-de Haas quantum oscillations 
are clearly observed at 2 K, and we checked that the 
frequency spectra is compatible with the ones reported 
previously [S], thus suggesting the good quality of our 
samples. Our samples quality is also suggested by the 
sharp peaks observed in the x-ray diffraction (XRD) data 
shown the inset in Fig. [^a). 

In Fig. [^a), we show the Raman spectra of WTe 2 
recorded at room temperature under various polarization 
configurations. The symmetry of the modes observed are 
determined by the Raman tensors corresponding to the 
C 2 v symmetry group, which are expressed as: 

fa 0 0 \ f 0 d 0 \ 

Ai= 060 ,A2= d00 , 

\0 0 c J \ 0 0 0 J 


/00e\ /000\ 

Bi = 0 0 0 ,B2 = 0 0 / . 

Ve 0 o; \0 f 0 J 

While both Ai and A 2 modes can be detected for in-plane 
configurations of the incident (e^) and scattered (cg) po¬ 
larization vectors, Bi and B 2 modes can be observed only 
if either Ci or Cg is aligned along the c axis. Therefore, the 
latter two symmetries are forbidden in our experimental 
configuration. For perfectly aligned crystals, pure Ai 
symmetry is obtained in the z{xx)z and z{yy)z configu¬ 
rations. In these two configurations, we detect 5 sharp 
peaks at 78.9 cm“^ (Pl)i 114.6 cm“^ (P4), 129.9 cm“^ 
(P5), 160.6 cm-i (P6) and 207.7 cm"! (P7). The rela¬ 
tive intensity of the peaks differs in the z{xx)z and z{yy)z 
spectra, as expect from the two-fold symmetry of the ab 


TABLE I. Comparison of the calculated and experimental of 
Raman active phonon modes (in cm“^) at 294 K. IR indicates 
infrared activity. 


Symmetry 

Activity 

Experiment 

Calculation 

Ai 

Raman-l-IR 


8.9 

A 2 

Raman 


24.4 

B 2 

Raman-l-IR 


28.7 

Ai 

Raman-l-IR 

78.9 (PI) 

75.7 

B 2 

Raman-l-IR 


85.9 

Bi 

Raman-l-IR 


87.3 

A 2 

Raman 

88.4 (P2) 

89.1 

A 2 

Raman 

109.9 (P3) 

113.2 

Bi 

Raman-l-IR 


113.9 

Ai 

Raman-l-IR 

114.6 (P4) 

115.2 

A 2 

Raman 


117.3 

B 2 

Raman-l-IR 


119.3 

Bi 

Raman-l-IR 


119.4 

B 2 

Raman-l-IR 


127.7 

B 2 

Raman-l-IR 


131.9 

Ai 

Raman-l-IR 

129.9 (P5) 

132.0 

Ai 

Raman-l-IR 


135.0 

B 2 

Raman-l-IR 


135.1 

Ai 

Raman-l-IR 


136.3 

A 2 

Raman 


157.6 

Bi 

Raman-l-IR 


157.9 

B 2 

Raman-l-IR 


161.6 

A 2 

Raman 


163.6 

Bi 

Raman-l-IR 


164.7 

Ai 

Raman-l-IR 

160.6 (P6) 

165.7 

B 2 

Raman-l-IR 


178.6 

Ai 

Raman-l-IR 


179.5 

Ai 

Raman-l-IR 

207.7 (P7) 

211.3 

B 2 

Raman-l-IR 


211.8 

Ai 

Raman-l-IR 


215.8 

B 2 

Raman-l-IR 


217.6 

Ai 

Raman-l-IR 


240.3 

B 2 

Raman-l-IR 


240.7 


plane of this material, as also expressed by the Raman 
tensor Ai. Pure A 2 symmetry is obtained in the equiva¬ 
lent z{xy)z and z{yx)z configurations. The correspond¬ 
ing spectra exhibit two sharp peaks at 88.4 cm“^ (P2) 
and 109.9 cm“^ (P3). When the Ci and Cg polarization 
vectors are not along the a or b axes, the symmetry of the 
spectra is no longer pure and both Ai and A 2 phonons 
are detected. For example, all the peaks labeled PI to P7 
are observed in the z(x'x')z and z{x'y')z channels. As 
indicated by the comparison given in Table |lj the experi¬ 
mental frequencies of the phonons PI to P7 is quite well 
reproduced by our calculations, and the corresponding 
symmetry assignments match perfectly. 

In Figs, [^b) and (c), we show the in-plane angle de- 
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FIG. 2. (Color online), (a) Polarization dependence of the ab 
plane measurements on WTe 2 at 294 K. The Raman modes 
are identified by labels running from PI to P7. The vertical 
dashed lines are guides to the eye for the P2 and P3 peaks, (b) 
Angle dependence (defined with respect to x) of the phonons 
(labeled according to (a)) recorded at 294 K with ei\\es in the 
ab plane. The intensity as been shifted upward for sake of 
clarity. The black lines are guides to the eye. (c) Same as (b) 
but for ei T Cs. 


pendence of the phonon peak intensities in the parallel 
and perpendicular configurations of the and Cs polar¬ 
ization vectors, respectively. As expected from the C 2 v 
symmetry, a four-fold symmetry is observed in the per¬ 
pendicular configuration for all peaks (see Fig. Sc)). 
However, the phase of oscillations associated to the in¬ 
tensities of the P2 and P3 peaks differs by tt from that of 
the other peaks. In the parallel configuration (Fig. ^b)), 
all the Ai peak exhibit a two-fold symmetry, as predicted 
by the Ai tensor. Since their intensity never vanishes, we 
conclude that the diagonal terms of the Ai tensor are not 
equal. We also note that the oscillations of the intensity 
of the PI and P7 peaks are in anti-phase with those of 
the P5 and P6 peaks. In contrast to the intensity of the 
Ai peaks, the intensity of the P3 peak shows a four-fold 
symmetry. This behavior is easily understood in terms of 
the A 2 Raman tensor, with the peak intensity vanishing 
when Bi and are parallel to either a or b. We note 
that this perfect agreement between our experiment and 
the predictions from the crystal symmetry, especially in 
the case of the peak P3, contrasts with the anomalous 
angular data reported in a recent Raman study [T3] . We 
attribute this discrepancy to a better sample quality in 
our experiments and by the distortion of the spectra in¬ 
duced by the use of a filter in Ref. [14]. 

To investigate the possible role of the electron-phonon 
or phonon-phonon interactions on the XMR at low tem¬ 
perature, we cooled the samples down to 5 K. In Fig. 
ia), we display the temperature dependence of the Ai 
peaks at 114.6 cm“^ (P5), 129.9 cm“^ (P6) and 160.6 
cm“^ (P7), which have the strongest intensities in the 
z{xx)z polarization channel. As expected, the peaks be¬ 
come a little sharper with decreasing temperature. The 
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FIG. 3. (Golor online), (a) Temperature dependence of the 
Raman spectra for the z{xx)z configuration, (b)-(d) Temper¬ 
ature dependence of peak positions of P5, P6 and P7 defined 
in Fig. Sb). (e)-(g) Temperature dependence of the corre¬ 
sponding linewidths (full-width-at-half-maximum) of P5, P6 
and P7, respectively, (h) Temperature dependence of the in¬ 
tensity ratios of the P6 and P5 peaks [I(P6)/I(P5)], and of 
the P7 and P5 peaks [I(P7)/I(P5)]. The black lines are linear 
fits to the data, (i) Zoom on the P7 peak at 5 K and 294 K. 


symmetric Lorentzian lineshapes at all temperatures (see 
Fig. §i ) for an example) suggest that there is nei¬ 
ther strong electron-phonon coupling nor spin-phonon 
coupling in this system, at least for the phonon modes 
probed by our experiments. We show in Figs. §b-d) 
and [^e-g) a quantitative analysis of the peak positions 
and linewidths of the P5, P6 and P7 peaks, which have 
been fit simultaneously with three Lorentzian functions 
convoluted by a Gaussian function representing the sys¬ 
tem resolution. In each case, the peak position ujph(T) 
and the linewidth Tph{T) follows simple expressions cor¬ 
responding to the anharmonic phonon decay into acous¬ 
tic phonons with the same frequencies and opposite mo¬ 
menta [SHIH]: 


i^ph{T) — uiQ - C (1 - j— -j (1) 

\ - 1 / 

rp/.(T)=Fo-t-F(l + ^-^- |, (2) 

\ e^^^BT _ ij 

where C and F are positive constants, ojq is the bare 
phonon frequency, and Fq is a residual, temperature- 
independent linewidth. The fitting parameters are given 
in TABLE HD 

While the intensities of all the other peaks increase 
on cooling, which is particularly true for the P7 peak. 
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TABLE II. Fitting parameters (in cm for the peak posi¬ 
tions and linewidths 


peak 

LU 

C 

F 

To 

P5 

135.32 

0.482 

1.15 

0.128 

P6 

167.05 

0.767 

0.553 

0.142 

P7 

216.51 

1.506 

0.506 

0.358 


the intensity of the P6 peak exhibits an unusual de¬ 
crease, as displayed in Fig. [^a). To emphasize this 
point we show in Fig. 1^ (h) the intensity ratios of the 
P6 and P5 peaks [I(Pf^I(P5)] and of the P7 and P5 
peaks [I(P7)/I(P5)]. The temperature variations are lin¬ 
ear in both cases. Whether the unconventional behavior 
of the P6 peak can be related to the strong temperature 
dependence of the resistivity upon cooling, is unclear. 

In summary, we have performed polarized Raman scat¬ 
tering measurements on WTe 2 , for which a large positive 


magnetoresistance has been reported recently. We ob¬ 
serve seven ( 5 A 1 -I- 2 A 2 ) out of 33 Raman active modes, 
with frequencies in good accordance with first-principles 
calculations. The intensity of these peak as a function 
of the in-plane angular polarization is consistent with 
the C 2 V point group symmetry attributed to WTe 2 . The 
phonon spectra suggest neither strong electron-phonon 
nor spin-phonon coupling, and the temperature depen¬ 
dence of Ai phonon peak positions and linewidths have 
been analyzed fit to the standard model of the anhar- 
monic decay of optical phonons. However, we observed 
an unexpected decrease in the intensity of the Ai phonon 
at 160.6 cm“^ upon cooling. 
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